ABSTRACT PURPOSE: The aim of this study was to reveal whether people living in the villages Zmeyovo and Borilovo (where the highest rates of excessive and borderline heavy metal concentrations in plants had previously been registered) are at higher risk of combined exposure to lead, cadmium and nickel. METHODS: Blood levels of these heavy metals were studied in groups of 17 nonsmokers (9 females and 8 males) from each of the studied villages, and in a control group from a remote mountain village by atomic absorption spectrometry. RESULTS: The mean blood levels of lead (56.48 and 19.93 μg/dL) and cadmium (3.36 and 0.95 μg/L) for Zmeyovo and Borilovo respectively were significantly higher than those in the control group. Mean nickel blood concentration was higher than controls for Zmeyovo only (2.17 μg/dL). Statistically significant correlations among blood levels of lead, cadmium and nickel were found, which suggested combined exposure. The mean concentrations of all the heavy metals studied were relatively higher than available data for the general population in Europe. CONCLUSIONS: The study showed an increased exposure to heavy metals among residents of the region. Implementation of screening programs, especially for children and young adults, is therefore advised.
INTRODUCTION
Stara Zagora municipality is located in the central part of southern Bulgaria (N 42°25', E 25°37'). The municipality covers an area of 1019 km 2 on the southern slopes of the mountain Central Sarnena Gora with an average altitude of 240 meters. The total population of the municipality is 157,000, of which 136,000 live in the town of Stara Zagora and 21,000 inhabit the 50 surrounding villages.
Known potential sources of environmental pollution in the region are the coal power complex Maritsa Iztok (the biggest in Southeastern Europe) with surface coal mines and three power stations, and the military proving ground Zmeyovo. Maritsa Iztok ____________________________ Complex is located 40 km southeast of Stara Zagora town and covers 240 km 2 , while the military proving ground is situated 7 km northwest, with 95.6 km 2 area at 420 m altitude. In addition, a highway, some major roads and a major transport junction are found in the region. These sources cause significant environmental pollution in the region, especially during unfavorable meteorological conditions. Government institutions perform routine yearround monitoring of air quality to determine the levels of a standard set of atmospheric pollutants, according to the Bulgarian Clean Air Act (1) . The concentrations of lead, cadmium and nickel in the air have been monitored since 2008 at Ostra Mogila village (N 42°28'11'', E25°27'50'', 430 m altitude) by an automated differential optic absorption spectroscopy system. According to the National Report on the State and Protection of the Environment 2014 (2) all registered mean annual concentrations were regularly found to be under the limits fixed in the national regulations (3, 4). Heavy metal levels in the drinking water are measured once a year by the Regional Health Inspection -Stara Zagora. All lead, cadmium and nickel concentrations in drinking water from the region were also below the regulation limits (5).
Heavy metal levels in soil, groundwater and plants growing in the region are not routinely monitored. In recent years (2005, 2007 and 2008) some tests on heavy metals in plants, soil, and groundwater were conducted by UIS Umweltinstitut Synlab GmbH Stuttgart, Germany on behalf of the Municipality of Stara Zagora. 141 plant samples (mushrooms, walnuts, grapes, apples, pears, tomatoes, cabbage) from nine different villages and one location within the town's limits were tested for nine metalslead, cadmium, nickel, zinc, arsenic, chromium, copper, manganese, and iron. Among all 987 obtained results, concentrations exceeding the maximum levels established in national and European legislation (6) were registered in 39 samples (4%), and borderline concentrations in 67 (6.8%). The highest rate of concentrations exceeding the maximum permissible levels was recorded in two villages situated northwest of Stara Zagora -Borilovo (9.2% excessive and 22.9% borderline concentrations) and Zmeyovo (7.4% and 14.7%, respectively), mainly for lead, cadmium and nickel (7). Testing of soil and groundwater samples taken only once in 2008 from six villages revealed no excessive levels of heavy metals, compared with the permissible levels (8, 9).
Until the current study, no blood or other bodily fluid samples had been taken from local residents, resulting in insufficient data on the population's exposure to heavy metals. Although the atmospheric levels of heavy metals are currently low, they are persistent in the environment and are subject to bioaccumulation in food chains (10, 11) . The general population is exposed to lead, cadmium and nickel mainly via food consumption and tobacco smoking (10-17), hence there exists a potential risk of higher cumulative exposure.
The aim of this study was to reveal whether people living in the villages Zmeyovo and Borilovo (where the highest rates of excessive and borderline heavy metal concentrations in plants were registered) are at higher risk of cumulative exposure to lead, cadmium and nickel.
MATERIALS AND METHODS
Concentrations of cadmium, lead and nickel in blood samples are traditionally used as biomarkers of environmental exposure (18) (19) (20) . Levels of lead, cadmium and nickel in whole blood of residents of the villages Zmeyovo and Borilovo, and a control group were examined in 2013. The group from Zmeyovo (n=17) consisted of nine females and eight males with mean age of 63.58.7 years. The group from Borilovo (n=17) also consisted of nine females and eight males with mean age of 68.311.9 years. For a control village was chosen the village of Kolyo Marinovo, situated in Sredna Gora mountain outside of Stara Zagora municipality, far from significant pollution sources. The control group (n=16) included eight males and females each with mean age of 67.78.5 years.
There was no significant difference in the average age of donors. All participating subjects had been permanent residents of the studied villages for at least 10 years. Donors were selected to be non-smokers, since smoking contributes to a significant intake of heavy metals (20) (21) (22) . All blood donors gave their written informed consent.
For assessing heavy metal concentrations 5 mL venous blood was taken from each subject in 6 mL vacutainers with K3EDTA. The analysis was performed at the Research Laboratory of the Faculty of Agriculture, Trakia University. After microwave digestion of samples in Multiwave 3000 the heavy metal concentrations were measured by atomic absorption spectrometer 800 Analyst AAS, Perkin Elmer, operating with flame or graphite tubes with an additional injection hydride system. The methodologies for each metal were validated and monitored.
Data analysis was performed using Statsoft Statistica v. 8. T-test for independent variables was used for comparison of heavy metal levels in blood between exposed and control groups. Correlations between blood levels of lead, cadmium and nickel were found by regression analysis.
RESULTS
Statistical analysis of results obtained showed the highest mean blood lead level (BPb) among the residents of Zmeyovo village -56.4835.11 μg/dL. It was significantly higher than the mean BPb for Borilovo -19.9311.81 μg/dL and the control village -13. 155.11 (Figure 1) . The mean BPb in Borilovo was also significantly higher than that in the control village. In 15 resident (8 females and 7 males) among all 17 investigated from Zmeyovo and in 3 (2 females and 1 males) from Borilovo blood lead levels were above 20 μg/dL -recommended as threshold for occupationally non-exposed adults (12) . Moreover, in five women and five men from Zmeyovo BPbs exceeded the level of 40 μg/dL over which signs of mild lead intoxication could be manifested (14) . Only one woman in Borilovo had a similarly elevated BPb. In comparison, no subject from the control village exhibited a BPb over the recommended 20 μg/dL. Cheng et al. studied blood lead levels in middle aged and elderly men (mean age 67 years) in the United States and found a mean BPb of 6.2 μg/dL not adjusted for smoking habits, which is much lower than our results for similarly aged groups (26) . The mean BPb for Zmeyovo was more than two times higher than the 20 μg/dL set as a threshold for low-level lead effect in adults (12) , but adverse effects may be observed at even lower concentrations (11) . Blood lead levels above 40 μg/dL, found in ten residents of Zmeyovo are known to cause symptoms of mild lead intoxication -reduced hemoglobin levels and gastrointestinal disturbances (14) , erythrocyte protoporphyrin elevation, peripheral nerve dysfunction, increased urinary δ-aminolevulinic acid and elevated coproporphyrin (10).
Blood levels of cadmium in tested villagers, especially from Zmeyovo, were also comparatively higher than reported in environmental studies. Chia et al. examined 278 non-smokers in Singapore and found geometric mean BCd for men 0.21 μg/L and 0.26 μg/L for women (27) . Khassouani (18) . All cited mean blood cadmium levels are lower than the mean BCd found in Zmeyovo donors. The US Center for Disease Control and Prevention gives reference levels of 0.4 μg/L for blood cadmium in non-exposed non-smokers in the United States (29) . Long-term exposure to cadmium with a blood concentration over 2 μg/L could lead to renal tubular dysfunction manifested with β2-microglobulinuria. Serious health damage may occur for BCd above 5 μg/L (30, 31) . Among all examined individuals, BCds above 5 μg/L were registered in four women from Zmeyovo, which might necessitate a microglobulin measurement in urine for Zmeyovo villagers.
Measured concentrations of nickel in blood for all tested groups were relatively high. Serum concentrations above 1.0 μg/L of nickel probably indicate a chronically excessive intake of nickel (12) . Stojanovic et al. studied 123 non-exposed subjects and reported blood nickel levels ranging from 0.01-0.42 μg/L without a significant difference between smokers and non-smokersmuch lower than the mean BNi in residents from all studied villages (21). Ibeto and Okoye observed a mean BNi of 0.124 ppm in Nigerian urban population (32) . The much higher blood concentrations of nickel revealed in the current study pose a health risk, especially for the residents of Zmeyovo.
Blood concentrations for the three studied metals (lead, cadmium and nickel) in the test villages Zmeyovo and Borilovo were higher compared to existing data on those concentrations in the general population of other countries. A possible cause could be the presence of persistent heavy metal pollutants in the environment and their inclusion in the food chain. On the other hand, high blood heavy metal concentrations might be a result of reentry from tissue stores. Gulson et al. proposed that between 45% and 70% of lead in the blood is accumulated from long-term tissue lead stores rather than the contemporaneous environment (33) . Therefore, current low levels of heavy metals in the air, drinking water and soil do not eliminate the possibility of significant accumulation in the body.
The highest blood heavy metal levels among the residents of Zmeyovo could be explained with the close presence of air pollution sources -two military testing facilities (2 km east and west of the village, respectively) and a major road. Another explanation might be the consumed food, since food constitutes the main route of exposure to heavy metals for non-smokers. The studied population consists mainly of retired village residents with low incomes, who usually produce most of their plant-and animal-based food. It is also known that deficiencies in protective micronutrients like calcium, iron and vitamin C in the diet are associated with increased resorption of heavy metals (12, 23, 24, 26) .
No difference was observed between heavy metals blood concentrations in men and women. This find corresponds to data reported by Olsson et al., who compared cadmium blood and urine concentrations in non-smoking men and women from rural areas in southern Sweden (34). Khassouani et al. reported similar findings in France (28) . Some authors reported significantly higher blood levels in males than in females for lead and cadmium (35) , cadmium (28) , lead (36) , and nickel (32), while others found higher blood levels in women for BCd among non-smokers (18, 37) . Evidently, gender is only one of many factors influencing blood heavy metal concentrations.
The correlations observed between blood concentrations of lead, cadmium and nickel suggest combined exposure. Such simultaneous exposure to lead and cadmium in heavily industrialized regions is not exceptional. Similar associations were observed by Björkman et al. in non-smoking Swedish twins, and the authors concluded that only environmental influences could have contributed to the association (18) . Blood heavy metal levels measured among the studied villagers showed a continuous exposure, with consumed food as the possible source. Therefore, it is advisable to monitor heavy metal levels in garden soil, and in foodstuffs and homemade beverages typical for the villagers' diet. Root vegetables, leafy greens, cereals, milk products, meat and offal (liver, kidney) have to be investigated with priority, since these foods are associated with greater heavy metal contamination (11, 24, 38) . Blood concentrations exceeding recommended levels in some studied individuals necessitate the measuring of biomarkers for heavy metal effects (increased δ-aminolevulinic acid, reduced hemoglobin levels, β2-microglobulinuria, proteinuria, etc.). Biomarker monitoring is also needed because of the synergistic harmful effect of lead and cadmium on the renal function and the observed correlation between their blood levels. Additionally, more village residents from Zmeyovo and Borilovo, especially children, should undergo screen tests for heavy metal exposure.
In conclusion, the measured blood concentrations of lead, cadmium, and nickel in village population (Zmeyovo, Borilovo) from Stara Zagora region indicate long-term environmental pollution in the area and an increased health risk. Probably the most prominent sources of exposure are plant and animal foods, grown and raised by the villagers themselves. Therefore, a more comprehensive investigation of the heavy metal content of regularly consumed foods should be performed. It is also reasonable to assess biomarkers of effect corresponding to the elevated blood heavy metal concentrations among residents of Zmeyovo. An important measure could be the implementation of screening programs for the village and urban population of Stara Zagora municipality, especially for children and young adults. прахови частици, олово, бензен, въглероден оксид и озон в атмосферния въздух). Bulgarian State Gazette, 58, July 30, 2010. 5. Ordinance № 9 of the quality of water intended for drinking purposes (Наредба № 9 за качеството на водата, предназначена за питейно-битови цели 
